Previous Work and Object of present Research. An increase in the normal sugar content of the blood has long been known to be an associated phenomenon of certain pathological conditions, especially pancreatic diabetes or the glycosuria artificially produced by the injection of certain drugs, e.g. uranium. Of recent years it has been shown that a diminution in the normal sugar content, or a hypoglycaemia, may follow the injection of certain other drugs, which cause considerable hepatic disturbance accompanied by the excretion of creatine. Some previous work by the writer [MacAdam, 1913] in corroboration of the hypothesis put forward by Cathcart [1909] that carbohydrates are intimately associated with the metabolism of creatine may explain the onset of this creatinuria. Frank and Isaac [1911] by the administration of phosphorus to rabbits produced a distinct hypoglycaemia along with marked liver necrosis. The injection of hydrazine sulphate, which has a specific action in causing hepatic necrosis [Wells, 1908], leads to changes in the percentage of sugar in the blood, as shown by Underhill [1911; Underhill and Fine, 1911] both in dogs and rabbits. As the result of numerous experiments on dogs he found that a dose of 50 mgrms. per kilo. invariably produced an appreciable hypoglycaemia, although considerable variations in the degree of diminution of the sugar content occurred. His experiments with rabbits were not so conclusive. On the administration of hydrazine in doses of 50 mgrms. per kilo. a constant decrease in the sugar. content was not obtained; for, although a hypoglyeaemia of varying amount was found to occur in the
work by the writer [MacAdam, 1913] in corroboration of the hypothesis put forward by Cathcart [1909] that carbohydrates are intimately associated with the metabolism of creatine may explain the onset of this creatinuria. Frank and Isaac [1911] by the administration of phosphorus to rabbits produced a distinct hypoglycaemia along with marked liver necrosis. The injection of hydrazine sulphate, which has a specific action in causing hepatic necrosis [Wells, 1908] , leads to changes in the percentage of sugar in the blood, as shown by Underhill [1911; Underhill and Fine, 1911] both in dogs and rabbits. As the result of numerous experiments on dogs he found that a dose of 50 mgrms. per kilo. invariably produced an appreciable hypoglycaemia, although considerable variations in the degree of diminution of the sugar content occurred. His experiments with rabbits were not so conclusive. On the administration of hydrazine in doses of 50 mgrms. per kilo. a constant decrease in the sugar. content was not obtained; for, although a hypoglyeaemia of varying amount was found to occur in the majority of the experiments, in others the blood sugar remained unaltered. On the administration of 100 mgrms. per kilo. the animals died within 24 hours, and Underhill concludes "From this diversity of results it is obvious that the rabbit cannot be relied on invariably to exhibit hypoglyeaemia after hydrazine injection."
In these experiments the relationship of hypoglycaemia to creatinuria was not considered, and no attempt was made by the administration of intermediate doses to allow for the idiosyncrasy of individual rabbits. The object of the following experiments has been to try to determine experimentally whether this irregular occurrence of hypoglyeaemia in rabbits depends upon the dose of hydrazine injected, and if it is in any way associated with the simultaneous occurrence of creatine in the urine.
Experiments and Methods of Analysis. The rabbit was kept in a small cage over a funnel leading to a vessel in which the urine was collected. 5 cc. of 5 % H2S04 were placed in this vessel previous to collection to prevent alkaline changes in the urine. At first a difficulty was experienced in obtaining the urine creatine-free during the control days. By means of a carbohydrate-rich diet this was in most instances surmounted or at least so diminished that the amount of creatine still present was negligible. In a few cases persistent creatinuria was found to be dependent upon pregnancy, and the rabbits were accordingly discarded. No attempt was made to obtain the quantitative amounts of creatine and creatinine excreted, partly on account of unequal quantities of urine being passed during each 24 hours, partly because such absolute figures have no direct bearing on the object of the present research. Percentage results are dealt with in Table I [MacAdam, 1913] which became comatose within 24 hours after the injection of 90 mgrms. per kilo. of hydrazine. The dog was killed and from its jugular vein two quantities of blood, 32-2 cc. and 60 cc., were obtained, the sugar content of which was found to be 0-064 % and 0-068 % respectively. The sugar content of the normal dog is constant within narrow limits and averages 0-1 %, so that it is interesting to note that the above estimations corroborate the work of Underhill [1911] , who found a sugar content of 0-05 % in the blood of a dog one day after the injection of 100 mgrms. hydrazine per kilo. of body weight.
In the initial experiments, doses of 50 mgrms. per kilo. body weight were administered, and 48 hours later blood was withdrawn, as above mentioned, for sugar estimation, while daily estimations of the urinary excretion of preformed creatinine and creatine were carried out.
If no symptoms were exhibited, and no creatinuria resulted, the same rabbit was injected again but with a larger dose in order to try just to exceed the tolerance of the animal's tissues to the poison. The varying doses used in each experiment are recorded in the protocols.
Since the animals, which showed metabolic disturbance, refused all food after the injection, two experiments (X and XI) with the rabbits fasting for two days were carried out in order to eliminate the factor of starvation from the results. In the four experiments (I, II, III, VI) where the hydrazine administered was insufficient to produce any obvious metabolic disturbance no creatine was excreted, while the sugar content of the blood, as compared with the control estimation previously made, was within normal limits, when due allowance has been made for experimental error.
Of the six experiments, where creatinuria followed hydrazine injection, four (V, VIII, XII, XIV) showed a condition of hypoglycaemia; one (VII) a state of hyperglycaemia, while in the remaining one (IX) the sugar content remained unchanged. In this last experiment it may be noted that the sugar estimation was carried out on blood obtained directly from the heart 24 hours after the administration of the hydrazine; while the percentage creatintne was small, viz. 10 %, when compared with the figures obtained in the " hypoglycaeniia" experiments. Indeed it was not much higher than the percentage occasionally recorded during the control days.
In Experiment XIII, where the rabbit aborted after the withdrawal of the second quantity of blood, and where pregnancy had not been previously noticed, there is little difference between the two estimations although there is a distinct increase in the creatine percentage of the total creatinine.
In the two fasting experiments, the rabbit of Experiment X showed quite a marked hyperglycaemia, while in XI the sugar content of the blood showed a slight increase when compared with the control estimation. In both a marked creatinuria resulted.
In the remaining experiment (IV) Rabbit C died within 12 hours. No blood was obtained, while the urine drawn from the bladder post-mortem showed 'a trace of creatine. This was the only rabbit which exhibited such toxic symptoms after a dose of 75 mgrms. per kilo.
While this work was in progress Graham and Poulton [1913] published a communication in which it was suggested that an important fallacy underlies the supposed creatinuria occurring in diabetes and in conditions associated with acidosis, owing to the presence of aceto-acetic acid which tends to lower the value of the preformed creatinine estimations. In order to eliminate this error in the foregoing results, several experiments were performed with special reference to the possible presence of aceto-acetic acid. A positive result was never obtained with the ferric chloride test either before or after the injection of hydrazine. Owing to the extremely unsatisfactory nature of this test in the detection of minute amounts of this acid, if any suspicious coloration was given with the ferric chloride solution the method recommended by Graham and Poulton was used. No trace of aceto-acetic acid was detected in any of the urines, while creatine was still found to be present in measureable amounts.
Discussion of Results.
The four experiments, in which no alteration in the sugar content of the blood, and no creatinuria, followed the injection of hydrazine, are interesting in relation to the previous work carried out by Underhill [1911] .
In the present 'series of experiments the control estimations, carried out previous to the administration of hydrazine, show a reasonably constant sugar content of the blood, the average being approximately 010 per cent., thus corroborating previous investigations; while the divergence in the sugar estimations after injection appears to be dependent on the differences in susceptibility of the rabbits to the amount of the drug injected. Thus Rabbit A was used in Experiments I and VI, and Rabbit B in II and III, when 50 and 75 mgrms. per kilo. body weight were respectively administered with no resulting abnormal symptoms or creatinuria, while a dose of 75 mgrms. per kilo. had such a remarkably toxic effect on Rabbit C that it died within 12 hours of injection. After an interval of approximately one month, a larger dose was administered, 100 mgrms. per kilo. to Rabbit A (Experiment VII) and 90 mgrms. per kilo. to Rabbit B (Experiment VIII), with the result that both showed a distinct alteration in the percentage of their blood sugar, associated with the production of creatinuria. In all Underhill's experiments in which the blood sugar content was estimated, only 50 mgrms. per kilo. were administered, a dose which, in the case of the rabbits used in the present research, was never found to produce any alteration in sugar percentage. In the two other experiments he records, in which a dose of 100 mgrms. per kilo. was used, the rabbits died within five and twenty-four hours respectively, no sugar estimation being carried out. Hence it would appear that the rabbit can be relied upon to exhibit a constant hypoglycaemia after the administration of the amount of hydrazine requisite for each individual animal.
In the six experiments in which distinct creatinuria followed hydrazine injection, and in which no obvious extraneous factors could be detected, the sugar estimations show evidence of a well-marked associated hypoglycaemia. If the relationship of creatine to the total creatinine is considered, it is seen that after-hydrazine injection the lowest percentage of creatine is 20-9, .236 the highest being 60-3 %, whereas during the three control days previous to injection the highest figure recorded, even in the case of those rabbits which were not obtained creatine-free, is 7-2 %. The only exception was Experiment II, in which on the third day previous to injection a percentage of 16-4 was recorded. However, before administration of the drug, no creatine was obtained, while after a dose of 50 mgrms. per kilo. the relationship of creatine to total creatinine remained within what were found to be normal limits. In the two fasting experiments the total creatinine ratio ranged from 18x2 % to 31*6 %-figures quite in accordance with previous results.
As regards the sugar content of the blood in those f6ur experiments where the occurrence of hypoglycaemia and creatinuria were associated, before injection the figures ranged from 0-087 %-0.101 %, while after injection they lay between 0-042 % and 0-071°/v, there being thus always a distinct deciease in sugar percentage beyond the limits of experimental error.
Of the two experiments in which creatinuria was not associated with the simultaneous occurrence of hypoglyeaemia, no appreciable alteration in the sugar percentage figure was found in Experiment IX; while in Experiment VII, Rabbit A, in which two months previously no change in the sugar content had been produced by doses of half and three-fourths of the amount administered in the subsequent experiment, a marked hyperglycaemia resulted. To account for this contradictory result, no very satisfactory explanation can be offered. The rabbit certainly showed considerable malaise and symptomatic disturbance very shortly after receiving the injection. Considerable difficulty was experienced in obtaining the requisite amount of blood from the auricular vein, and this may have been partly due to a concentration of the blood. This possibility would in itself tend to raise the percentage figureg of the sugar content; and in this connection it may also be mentioned that owing to a similar difficulty in obtaining sufficient blood from the veins in Experiment IX it was drawn directly from the heart.
It is thus evident that after the administration of a suitable dose of hydrazine a hypoglycaemia results which is invariably associated with creatinuria, while if no change in the sugar content is produced, creatine is not found in the urine. It has also to be noted that only those rabbits which showed this combined hypoglycaemia and creatinuria exhibited any marked symptoms of metabolic disturbance, the animals being quite dull and listless and refusing all food and drink.
Of the factors which may lead to this alteration from normal metabolism, that of starvation can be eliminated on considering the results of the two fasting experiments (X and XI). Neither of the rabbits showed any reduction in the percentage of blood sugar. On the contrary, Experiment XI showed a slight increase, while in X a distinct hyperglyeaemia resulted. In both cases, as already mentioned, there was a marked excretion of creatine.
Thus, although the results of the experiments here recorded point to the intimate association of carbohydrates with the metabolism of creatine, yet the exact nature of this relationship or even its degree of importance is still uncertain. It has been shown that the creatinuria following hydrazine injection is accompanied by a condition of hypoglyeaemia, while it is already known that the creatinuria of diabetes and pbloridzin poisoning is associated with hyperglycaemia. On the other hand, no such constant change in the sugar content of the blood is found to accompany the creatinuria induced by fasting. Furthermore, some experiments by Underhill and Rand [1910] show that "The perverted creatine metabolism as well as the metabolism of the other nitrogenous constituents of the urine tend rapidly to resume the normal on the rectal administration of dextrose, without necessarily exerting any influence on the pathological condition of the patient."
Nor do the various attempted explanations of the influence of carbohydrates on the excretion of creatine carry us very far. There is no definite evidence in favour of the hypothesis that they are essential for the conversion of creatine into creatinine or other as yet unknown substances, or for its oxidation and excretion as urea. No deductions in this connection can be drawn from previous work on the subject [MacAdam, 1913] because the creatinuria of these experiments was associated with an increased excretion of urea. So many factors enter into urea excretion, that it is impossible to eliminate them satisfactorily; and analogies drawn from in vitro experiments to the changes occurring in vivo are, in regard to the present problem, essentially untrustworthy.
That an adequate supply of carbohydrates inhibits muscle disintegration and consequently prevents the excretion of creatine is merely a special phase of the more general hypothesis suggested by Mendel and Rose [1911] that "the tissue cells may not functionate properly when the normal amount of carbohydrate food is wanting, and in this case the elimination of creatine would be analogous to the production of the acetone bodies which is also inhibited by the administration of carbohydrates." Again, Krause [1913] supports the idea that creatine may be an end product of metabolism, arguing that creatinuria may sometimes be not so much a deviation from normal metabolism as an indication that our conceptions of normal metabolism, based as they have been on somewhat limited observations, may not be comprehensive enough. Recent work on the creatinuria of childhood [Rose, 1911; Folin and Denis, 1913] and on its irregular occurrence during the menstrual cycle of normally healthy women [MacAdam, 1914] supports this plea. The excretion of creatine may be merely one of the earliest manifestations of an upsetting of carbohydrate equilibrium, and may occur before a slight exaggeration of an otherwise normal process has become a definitely pathological phenomenon.
CONCLUSIONS.
